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ABSTRACT 

We study Myers world-volume effective action of coincident D-branes. We investigate 
a system of Nq DO-branes in the geometry of Dp-branes with p = 2 or p = 4. The choice 
of coordinates can make the action simplified and tractable. For p = 4, we show that a 
certain point-like DO-brane configuration solving equations of motion of the action can 
expand to form a fuzzy two-sphere via magnetic moment effect without changing quantum 
numbers. We compare non-commutative DO-brane configurations with dual spherical 
D(6 — p)-brane systems. We also discuss the relation between these configurations and 
giant gravitons in 11-dimensions. 
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1 Introduction 



Effective action of N p coincident Dp-branes has been extended to include couplings to 
Ramond-Ramond field strength of any form degree n other than that of n < p + 2 

[2|]. The couplings of the Dp-branes with [n > p + 4) induce dielectric effects 
(Myers effects) JTJ or their magnetic analogues (magnetic moment effects) [§, |J. The 
effects are important in understanding the nature of non-abelian D-brane systems and 
have been studied in various contexts |], || ||, [7]]. In particular, they play an important 
role i i Hi m H in the context of AdS/CFT correspondence p|]. 

Most analyses given so far concern flat spacetime where the RR field strength F' n ' is 
put as an external field [p], || 0, 0|. Such backgrounds ignore the back reaction of F^ n \ 
i.e., they do not solve supergravity equations of motion. For example, consider the ef- 
fective action of DO-branes in the background with flat metric and F^f 2 3 = const. JI], |j. 
For fi = 0, a static non-commutative configuration of DO-branes other than the usual 
point-like configuration can solve equations of motion of the action due to the dielectric 
effect JTJ. Similarly for fi = 4, DO-branes can expand via magnetic moment effect [|J and 
there are a point-like and a non-commutative configuration with a constant momentum 
P4 as solutions of the action. In each of these cases, the energy of the non- commutative 
configuration of iVo DO-branes is less than that of corresponding commutative configura- 
tion. This means that the true ground state of the model is given by the configuration 
of expanding DO-branes. On the other hand, if we consider to put -^12345 = const, in 
flat background, a non-commutative configurations of DO-branes is unstable and a stable 
configuration is given by point-like DO-branes [0]. 

If we deal with a supergravity background with some remaining supersymmetries, we 
expect to have a BPS configuration of commutative DO-branes. Thus if there exists an 
expanding configuration with the same number of supersymmetries, it would have the 
same energy as the commutative configuration. One of our purposes of this paper is to 
see if such a structure certainly exists in Dp-brane backgrounds. Note that ref.|3J] gives 
similar discussion in the near horizon geometry of D4-branes. There it was shown that 
substitution of certain non- commutative matrices X 1 to the non-abelian action of DO- 
branes yields the same terms as the expansion of the dual spherical D2-brane action. We 
shall try to argue the problem from the microscopic point of view by explicitly solving 
the equations of motion of DO-branes in Dp-brane backgrounds. We consider the coupling 
of DO-branes with the magnetic RR field strength F^ 8 ~ p ^ associated with the Dp-branes. 
Thus we only deal with magnetic moment effect. 

One of the difficulties of dealing with the action in general backgrounds is that it is 
coordinate dependent due to the appearance of commutators of U(iV ) adjoint scalars X 1 
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and the non-abelian Taylor expansions. We shall see that in some cases we can avoid the 
difficulties and give explicit form of the action by choosing coordinate system properly. 

We explicitly consider the geometry of Dp-branes with p = 2 or p = 4 and analyze 
the magnetic moment effect. For such a background, we show that we can choose ap- 
propriate coordinate system and can write the non-abelian action of DO-branes explicitly. 
In particular, for D4-brane background, we find two solutions with the same energy and 
momentum by solving equations of motion of the action explicitly if we take near horizon 
limit. One of them is point-like and the other is fuzzy spherical. We also see that each of 
these systems is related to the spherical D(6 — p)-branes with an appropriate U(l) field 
F ab on the branes. 

This paper is organized as follows. In section 2, we briefly review Myers non-abelian 
action of D-branes and consider the application to general backgrounds. In section 3, 
we analyze the action in the geometry of Dp-branes with p = 2 or p = 4 and try to 
solve the equations of motion. We compare the non-abelian action with that of spherical 
D(6 — p)-brane action. Section 4 gives summary and discussion. In particular, we briefly 
discuss the relation between expanding DO-brane via Myers effects and rotating spherical 
M-branes (giant gravitons) in AdS m x S n in 11-dimensions. 



2 Effective action of coincident D-branes 

The world-volume effective action of N p coincident Dp-branes in type IIA or IIB theory 
is given by Myers [l]. It is constructed from the D9-brane action in type IIB theory by 
applying T-duality transformation along 9 — p space coordinates x p+1 , ■ ■ ■ , x 9 . The action 
involves a U(N P ) gauge field A a and 9 — p adjoint scalars X 1 {\=p + 1, • • • , 9) (and their 
superpartners). The field strength of A a is F ab = d a A b — d b A a + i[A a , A b ] and the covariant 
derivative of X 1 is D a X l = d a X l + i[A a ,X*] as usual. We choose static gauge x a = o a 
(a — 0, 1, • • • ,p) for spacetime coordinates x^ 1 and worldvolume coordinates a a . Suppose 
that Dp-branes are put in the background of string frame metric ds 2 = G tiv dx^dx u , NS-NS 
2-form potential and ra-form RR potentials for n — • ■ ■ ,p— l,p+ 1, • ■ ■■ Then the 
proposed action is written as sum of the Born-Infeld action Sbi and the Chern-Simons 
action Scs- Bosonic part of Sbi is given as 

Sbi = -T P J cf+VTr [e^- det(P[E ab + E ai (Q^ - 5y k E k iE jb ] + XF ab ) det(Q^) 

"(1) 

where A = 2nl 2 , E^ u = G^ + B^, T p = 2n/ g s (2nl s ) p+1 is the tension of the Dp-brane and 

Qfj = Si j + i>^ l {X\X k ]E kj . (2) 
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The pull-back P[- ■ •] is denned as 



P[Z ai ... a J = Z n D ai X^ ■ --D a X^ . (3) 

The field G^ v (or B^, <j)) in the above action is a functional of X % and the explicit form 
would be given by a non-abelian Taylor expansion of the corresponding background fields 

as 



U 



e.g. 



OO 1 

G, u (X\a a ), a a ) = ]T -X^ ■ ■ ■ X^d h ■ ■ ■ d in G^(x\ a a )\ x , =Q . (4) 



n=o n - 

In the above expression we assume that the Dp-brane is temporarily put on x % = and 
the scalar fields X % represent fluctuation around x % = 0. Chern-Simons action is given as 

S cs = T p Jtt (P [ e iX ~ lixix (Y, C {n) e B )] e AF ) . (5) 

Here ix is an interior product which reduces the form degree —1 as e.g., 



= \c[f[X^X% (6) 



This interior product induces the coupling of the D-branes to the RR potential of higher 
degree n — p + 3, p + 5, • • •. Note that we interpret Tr( ) as symmetrized trace: we take 
the traces after we symmetrize all F a b, D a X l , [X % ,X^] and each X % appearing in the 
non-abelian Taylor expansions. 

In practice, the action eq.(|l|) or eq.([5p can be justified a priori only when there is 
an isometry along each x % since it is constructed from the D9-brane action via T-duality 
transformation |T]|. However, as was described above, the action can formally be defined 
for any coordinate system {x^} in any spacetime if we use non-abelian Taylor expansion 
of background fields E^ u , <fi and C^ n \ For such a non-trivial background, the action does 
not have general covariance anymore and the meaning of the action is not clear enough. In 
spite of the subtlety, we would like to consider the action of a set of coincident Dp-branes 
in a particular background without an isometry along x l (i — p + 1, • ■ ■ , 9). We have 
to define G^ u , B^ v and by using non-abelian Taylor expansion as described above 
if they are not constants. Thus in general, the action can describe the behavior of the 
D-branes only around x % ~ 0. It is not suitable enough to deal with expanding brane 
configurations. 

We would like to determine the Chern-Simons action without using infinite series of 
Taylor expansion since it is important to obtain expanding brane configurations. We seek 
for a coordinate system where the field becomes independent of X 1 or is represented 
as a finite polynomial of X % . Even if there is no such coordinate system, we can consider a 
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model that some of the adjoint scalar fields X % are set to be diagonal from the beginning: 
X 1 = x l l. In some cases, such a model does not need to use non-abelian Taylor expansion 
if we choose an appropriate coordinate system. In practice, we use such method to analyze 
the action of DO-branes in the Dp-brane background in the next section. 

Now we especially consider the action of N DO-branes for our future purpose. Each 
term of the Chern-Simons action can be expanded by polynomials of X % around X % = 
0. For example, couplings of DO-branes with the background and in Ccs is 
respectively given as 



r 3 
^cs 



i^TrP[(i x i x )C®} 



.T< 



2A 

^(X^X k )F t % 



°-Tt (cf (X, a)[X\ X*] + C§l(X, a)[X k , X^)d t X 

^Tr(XWx')F^ + ^ 

T 



,^Tr(X*M*X')i^ + z^Tr(X^X fc X<)d z F f gi 



— i- 



30A 
5 30 A 



Tr(X l X J X fc X'X r 



2duF t 



("1) 



(j r k)lr. 



I \rm\ 



Tr(X l X J X k X l X 



d i d l F^ m + 20 l l b) 



(4) 

'^ u j ± tklm 



+ 0(X e 



(7) 



r 5 

t-cs 



T, 



^Tr (C<H> U {X, a) [X\X*\ [X\ X k ] + cg m (X, a) [X* , X 1 ] [X 1 , X k ]d t X* 



^ 2 Tr(X^X k X l X m )F t % lm 



12A ; 



; Ti(X i X j X k X l X m X n )F t 



(6) 

ijklmn 



+ ^< XlX3XkXlXmXn ) d - F Sklrn 



+ 0(X 7 ) 



where each F^ or its derivative in the above equations denotes the value at X % = : e.g. 



x 4 =o- 



Here we use the symmetrized trace prescription. For some other definition of 



trace, not all terms are collected in the form of field strength F^ n+1 \ In practice, gauge 



invariance of Ccs is proven when symmetrized trace prescription is applied | 15fl . 
The Born-Infeld action for coincident DO-branes reduces to 



Sbi = -T / dtTr -[E m + (Q-iy k X i X k E ij ] det(Q* 



(9) 



when we fix the gauge E 0i = and A = 0. The matrix (Q^ 1 ) j which is inverse to Q % j is 
defined by polynomial expansion of X 1 . It is known that this form of the action can be 
reliable only up to fourth order in F a b (or D a X l , [X l ,X 3 ]) Hl6j 171 - The problem is not 
critical for our analysis since we mainly deal with up to second order of the commutators 
[X\X j ). 
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3 DO-branes in the geometry of D^>-branes 



In this section we consider the non-abelian action of Nq DO-branes in supergravity back- 
grounds. Since we expect to have a configuration of branes that are expanding into S 2 
or S* 4 via Myers effect, we deal with a background which has SO(3) or SO(5) symmetry. 
Here we consider the geometry of Dp-branes with p = 4 or p = 2. 



3.1 DO-branes in the Dp-brane geometry 



Geometry of Dp-branes is described by the string frame metric [IB], [19] 



ds 2 p = H'^dx^dx" + H*5 mn dx m dx n (10) 



3-p 



= H— (11) 
where r = y/x m x m , [A, v G {0, ■ • • , p}, m,n G {p + 1, • • • 9} and 



with 



»= 1 + ^f (12) 
k = JL (13) 

7 - p Tq^ p V S -p 



Here V q is the volume of unit (/-sphere : 

V q = ^ TY . (14) 

There is a non-zero (p + 2)-form field strength F^ 2 ^ corresponding to the electric RR- 
potential C^ +v> of ./V Dp-branes. Here we rather characterize the background by dual 
magnetic (8 — p)-form field strength F( 8 ~ p ^ as 

^miml-mg-p = ~ e m 1 --ms- p nd n H . (15) 

We see that infinite series of non-abelian Taylor expansion is needed if we write down 
the Chern-Simons term by using this expression of and the non-commutative co- 

ordinates X % . Fortunately, we find an appropriate coordinate system for which 
becomes constant. The new coordinates {r, 0, z p+ 3, ■ ■ ■ , zg] are given from {x p+1 , ■ ■ ■ , x 9 } 
by the relation 





= rjl- 


{Zp+3 2 


+ ■ 


■ + Zg 2 ) 


Xp+2 


= ry/l- 


(Zp+3 2 


+ ■ 


■ + Zg 2 ) 


Xp+3 


= rz p+3 , 









Xg = TZg. (16) 
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The corresponding metric component is rewritten as 



5 mn dx m dx n = dr 2 + r 2 [l - {z p+3 2 H h z 9 2 )}d4> 2 + r 2 (dz p+3 2 H h dz 9 2 ) 

{z p+3 dz p+3 H h z 9 dz 9 ) 2 . (17) 



r 2 



1 - (z p+3 2 + ■■■ + z 9 2 ) 
The explicit form of F^"^ is given as 

F (8-p) = I ~T 6 -pVs- p Ne ^^-^-P for / 1 l>ft'"'/ l 8-p e {^P+3.-". z 9} , v 

v-i*-' \ otherwise 1 ) 

where e0 2p+3 ... Z9 = 1. By using this expression, the Chern-Simons action can be represented 
unambiguously without using non-abelian Taylor expansion for each p. 

In order to give the Born-Infeld action of iVo coincident DO-branes explicitly, we first 
assume that the coordinates r and <fi remain to be commutative fields on the DO-branes. 
This restriction is necessary for the action to be tractable and also can be understood by 
the fact that the meaning of matrix generalization of a radial or an angular coordinate 
is less clear than that of flat-like coordinate Z l or X a . Furthermore, we assume X a = 
(a = 1, • • • ,p) for simplification. The other 7 — p transverse coordinates become adjoint 
scalar fields Z p+S , ■ ■ ■ , Z 9 on the branes. Then, the action is written as 



Cm = -T n Tr 



1 - Hr 2 - Hr 2 {l - Z l Z l )ft - H^Q- 1 )'* ' k Z k Z l G^ detity 

(19) 

where % = p + 3, • • • , 9. We expand the action in terms of [Z' 1 , Z j ] or Z % and take the 
leading contribution: 

y/**t&) = l-^Hr\[Z\Zf) + ... , (20) 
(Q- 1 ) j k Z i Z k = Z)Z 1 + ■■■ . (21) 

We also consider the non-relativistic limit. Then the action becomes 

Cm = -N T H^ {l - ^//-r,iZ'ZY; ;; ) - l -Hf 2 - ^- 2 Hr^{[Z\ P\ 2 ) 

(22) 



--Hr 2 
2 



1 - ^Tr(Z^) 



3.2 j9 = 4 

We explicitly consider the p = 4 case. The background four-form field strength is 
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By substituting this into eq. (^) and use partial derivative operation properly, the Chern- 
Simons part of the Lagrangian is given as 



Ccs = - % -NTr{Z l Z>Z % )4>e m . 
Combining this with eq. (p2|) , the total Lagrangian becomes 



(24) 



C 



-N T + l -N Q T Q Hr 2 + ^N T Hr 2 

Tn 



1 - —TrfZ^Z 1 ) 



\ 2 + — H^{Z l Z j G l 
2 



+ ^Hr'Tr([Z\ Z 3 } 2 ) - -NTr(Z*Z>Z k )<Pe m . 



(25) 



Note that H = 1 + NX/2T r 3 from eq.(|TJ). 

Equations of motion with respect to Z l and <j) are obtained as 



A 



A 



[z>, z"hi 



vjk 



Ps = NqTqHt 7 



1 - -^Tr(Z l Z l ) 



= 0, 
(26) 



-NTi^ Z j Z k )e rfk = constant. (27) 



We assume that each Z % is a constant matrix. There is a pointlike solution satisfying 
Z % = and Hr 2 cf) = constant. Motion along r is determined by solving equation of motion 
with respect to r. There is no other solution found in general in this class. 

If we restrict the geometry to be near horizon region of D4-branes, situation becomes 
more interesting. In this case, since H = NX/2T r 3 , <p/r is restricted to be constant from 
eq . fl2"7|) if we assume Z % to be a constant matrix. Then eq. (|26|) is explicitly solved by 



wa 



(28) 



with 



A0 A0 
W = > ° r Tr- 



Here a 1 (i = 7,8,9) is iVo dimensional representation of SU(2): 



\a\ a 3 ] 



o ' h 



(29) 



(30) 



For each constant w(y^ 0), the solution represents a fuzzy two-sphere of effective radius 
measured by z l [|l| 

(31) 



r z = wN Jl 



No 2 



wN 



where r 2 = -j^Ty (Z l Z l ). Behavior of r is determined by solving equation of motion for 
r. To see the energy of the solutions, we calculate the Hamiltonian of this system for Z l 
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satisfying eq. ([28|) : 

n = ™> + J^nS- + Aik { P * 2 + i-lw-D ^ - ^'l ' (32) 

For a given P^ and a particular motion along r, Hamiltonian has two degenerate minima 

a = -mr t - (33) 

Note that the relation 

P*=^ (34) 
is satisfied for both values of w and they correspond to two of the solutions eq. (|29|) : 
w = 0, The other solution is at unstable point of the energy which is double-well form 



as in the case of giant gravitons |3], f|, To summarize, we have two configurations 

of N DO-branes: one is point-like and the other is fuzzy S 2 with the radius r z = wN for 
iVo — ► oo. Definition of the coordinates z~ { restricts the radius as < r z < 1. Then for the 
expanding configuration, P^ cannot exceed N: 

< N. (35) 

To discuss the problem beyond the expansion eq . (|22|) , we substitute eq. (|28|) with an 
arbitrary w = w(t) into the original Born-Infeld action eq. (|I9"D . The resulting action has 
a simple form 



S B i (Z l =waP) = -T N J dtJl - Hr 2 - Hr 2 (l - r z 2 )<p 2 - Hr 2 y^^ 



-s 2 



X, 



4Hr 4 r z 4 . . 

^ 1 + AW-1)' (36) 



Note that here the only approximation we use is that we take the leading contribution of 
{Q~ r y~k = $ % ~k + ' ' '• Remarkably, if we take Nq —>■ oo limit, this action precisely coincides 
with that of a spherical D2-brane with N DO-branes bound on it. This can be seen by 
considering a spherical D2-brane of worldvolume (t,6,ip) on which U(l) field strength 

ify = ^sin0 (37) 

describing N Q DO-branes exists. Here 

dz-dz- = dr. 2 + r 2 {dd 2 + sin 2 6d^ 2 ). (38) 
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Assuming that r = r(t) and r z (= yjz\zi) = r z (t), the D2-brane action is 
S D2 = -T 2 J dtd6dije-^-det(P[G ab + XF ab }) +T 2 J P[C®\ 



47tT 2 / dtJl -Hr 2 - Hr 2 {\ - r 2 )$ 2 - Hr 2 



1 — r. 



+N / dtr 



which is equivalent to eq. (|36|) up to 1/Nq correction 



(39) 



3.3 p = 2 

Next we consider Ao DO-branes in the geometry of A" D2-branes. DO-branes couple to the 
background six-form field strength 

2tt 



,(6) 



62526^728^9 



TaVh 



-N. 



Then from eq.@, Chern-Simons term is calculated as 



cs 



--NTr(Z i Z j Z k Z l Z™)<f)e 



ijklrh' 



(40) 



(41) 



Combining with Cbi of eq.(22), we have 



C 



N T H-2 \ 1 - -Hr 2 - -Hr' 



1 Tr( Z*Z* 

N V 



' H^Tr(Z l Z j G rp 



2N 



ANnX 



: Hr A Ti([Z\Z J f 



- A N^Z^Z k Z l Z^e Wlrh 



(42) 



where H — 1 + \ with k = 3NX 2 /2T . If we assume Z % = 0, then the motion of <p and r 
is determined from eq. (f42|) . As in the previous subsection, we expect to find a constant 
non-commutative Z l ^ which solves equations of motion and has the same motion as 
for the commutative solution. In this case, we cannot obtain such a solution even in the 
near horizon limit. 

On the other hand, we can find a solution with Z l = Z l (t) though such a configuration 
is not related to the point-like configuration. In particular, we will concentrate on a 
configuration which is related to a spherical D4-brane of radius r z = r z (t). For this aim, 
we need to represent a fuzzy four-sphere of radius r z by Z l : 

, 1 



N, 



■Tr(Z l Z l 



(43) 



This has been constructed in the context of longitudinal 5-brane of Matrix theory [2(| as 
in ref. |21], |22|. According to ref.|2]]|, fuzzy S* 4 is represented by Ao x Ao matrices 
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(i = 1, • • • , 5) that are given by n-fold symmetric product of S0(5) 4x4 gamma matrices 



7 

Gf ] = (7 i ®l®---®l + l®7;®---®l + -- - + l®---®l® ji) sym . (44) 

Here sym denotes that the tensor product space is restricted to be completely symmetric 
and the dimension of the matrices is (n + 3)!/3!n! = (n+ l)(n + 2)(n + 3)/6. This 
means that the number of DO-branes is restricted to Nq = (n + l)(n + 2)(n + 3)/6. Let 
us take 

Z l = wGF>. (45) 



Then from the property of G\ n \ we find that |2l 



/ 2 ^E(^) 2 = ^V(l + -)l JVo . (46) 



n 



This means that the radius of non-commutative S 4 measured by Z l is r z = wn for large 
n. There are some useful relations: 

e m ^Z l Z^Z k Z l = (8n + 16) W 3 Z™, (47) 

Tr[z\z' j } 2 = -lQn(n + A)w 4 N , (48) 

[[Z~ j , Z% Z j ] = -16w 2 Z\ (49) 

We take an ansatz 

Z 1 = w{t)Gf ] . (50) 
Substitution of this in the action eq. (|42|) yields 



1 _ \ H r 2 - -Hr 2 (l - r z 2 U 2 - -H—^-r 2 + -^—Hr 4 r z 4 
2 2 V z !V 2 1 - r z 2 z 3iV A 2 



£ = -N Q T H-z 

-nNr z 5 <p. (51) 



in the iVo(~ n 3 /6) — > oo limit. By solving equations of motion, we can determine the 
classical motion of the fuzzy 4-spherical DO-branes. 

Next, we will see from the dual D4-brane picture that this system is corresponding 
to n coincident spherical D4-branes with N DO-branes on them when iV 3> 1. To show 
this, we put n coincident spherical D4-branes of radius r z in the same background. We 
transform coordinate from {z 5 , • • • , zg] to {r z , 6\, 2 , 9 3 , ip} as 

Z5 = r z cos9i, zq = r z sin Q\ cos ^2, z-j = r z sin^i sin ^2 cos #3, 

z% = r z sin 6\ sin 62 sin 9 3 cos ip, z 9 = r z sin d\ sin 62 sin 9 3 sin ijj. (52) 
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We assume that the worldvolume of spherical D4-branes is labeled by {t,8i,ip} and the 
transverse U(n) scalar fields are all commutative with x 1 = x 2 = 0, r = r(t), <p — <f>{t) 
and r z = r z (t). Background five- form potential is written by new coordinates by 
choosing a gauge : 

cSUm = §^f/^ sin3 01 sin2 ^ 2 sin ^ (53) 

The Chern-Simons action for n coincident (anti) D4-branes is[] 

Sgf 4 = - n T^ ( dt(^—rA I d9 1 d9 2 d9 3 dtp ( p sin 3 9 ± sin 2 9 2 sin 9 3 
J V5T 4 l/ 6 / Js 4 

= -nN f dt<pr z 5 . (54) 



Next we consider Born-Infeld action. The self-dual field strength F ab satisfying 

F = ** F > A / Tr « F A F = N ° ( 55 ) 
Sn z Js A 

is on the D4-branes. This describes that N DO-branes are bound on D4-branes. The 
normalization is confirmed by the fact that the coupling A F A F in Scs reproduces 
the coupling to N Q DO-branes as 

A_ 2 

['\ 2 •/{,] 

Then the action is 



\ 2 

Tj -Tr n (CW AFAF) =T N [ . (56) 



S n B f A = -T 4 J dt | 54 e^Tr nV /-det(P[G ab + AF ab ]) 



x 



i / „ „ r 2 



T 4 / dtH~*\ll — Hr 2 - H- -f/ - H(l - r 2 )r 2 d) 2 



r 2 



J s4 e 4 (nHrW + ^Tr n F ab F ab) j 



= -T A J dtH~*Jl - Hr 2 - H - ^ 2 r 2 - H(l — r 2 )r 2 <fi 2 

x (n\/ 4 #r 4 r 2 4 + 4vr 2 iVoA 2 ) (57) 

where e 4 = sin 3 9\ sin 2 # 2 sin # 3 is volume element of S 4 . If there is no DO-brane on the D4- 
branes, it is known that there exist two degenerate configurations r z = and r 2 3 = P^/N 
for a constant P^ 0]. Existence of DO-brane charge makes the expanding configuration 
unstable. Note that this property is different from the case of a spherical D2-brane in the 
D4-brane background where the DO-brane charge on a spherical D2-brane does not affect 
the stability of the radius r z of the expanding configuration. 



1 We take anti D4-branes to obtain the same sign as eq. (|5l|) . 
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At this point, we see that there is a non-trivial correspondence between this pic- 
ture from spherical D4-branes and that from non-commutative DO-branes. Expansion of 
$bF 4 + Scs 4 includes all terms of DO-brane action eq.(|5T|) and the coefficients all agree 
with each other. Missing terms in eq.(|5l|) would be obtained if we consider beyond the 
leading contribution of [Z\ in det(Q l j). This property supports the fact that a fuzzy 
4-sphere configuration of DO-branes in the D2-brane background certainly represents a 
bound state of n coincident spherical D4-branes and Nq DO-branes on them. 

4 Summary and Discussion 

We have investigated the non-abelian worldvolume effective action of coincident DO-branes 
in general backgrounds. In particular, we considered the action in the Dp-brane geometry 
with p = 2 or p = 4. For such a spacetime, we have shown that coupling of N DO-branes 
with background (8 — p)-form field strength in the Chern-Simons action can be written 
explicitly if we choose a particular coordinate system. By using the expression, the non- 
abelian action of DO-branes can be analyzed as a microscopic theory. Especially for p = 4 
or p = 2, it was shown that fuzzy (6 — p)-sphere configuration is certainly regarded as a 
bound state of D(Q — p)-branes and DO-branes. 

Moreover, if we consider near horizon geometry of p — 4, we explicitly solved the 
equations of motion of the action written in particular coordinates and have found two 
solutions that have same properties, e.g., momentum and charge. One is point-like and the 
other is expanding into a form of a spherical D2-brane. It seems that the two degenerate 
configurations of DO-branes may be BPS states preserving some of the supersymmetries. 
The precise relation between the non-abelian DO-branes with X 1 = wot 1 and the dual 
spherical D2-brane on which U(l) field strength lives has been clarified. Since there 
are two degenerate configurations with the same quantum numbers in the system, it is 
reminiscent of giant gravitons [[3], |24]| . On the other hand, for p = 2, we could not 
find the corresponding structure of expanding brane configurations as in p = 4. This may 
be related to the fact that no supersymmetries remain if N DO-branes and N D2-branes 
both exist. 

Now we briefly discuss the relation between expanding brane configurations via Myers 
effect and 11-dimensional giant gravitons. Giant graviton (or dual giant graviton) in 
AdS m x S n with (m, n) = (7, 4) or (4, 7) is known as a spherical M(n — 2)-brane (or M(m — 
2)-brane) shaped object expanding into S n ~ 2 C S n (or S m ~ 2 C S m ) with non-zero angular 
momentum along S n 0, [23|, [M]. We cannot obtain a non-singular 10-dimensional 
configuration by explicit compactification of these systems. However, as was discussed 
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in ref.[|], £5|, there are some DO-brane systems which are considered as ten-dimensional 
counterparts of giant gravitons in a sense that each framework resembles each other in the 
mechanism of expansion of DO-branes or gravitons. For example, compactification of the 
system of dual giant graviton expanding into spherical M2-brane in AdS± x S 7 along 
direction corresponds to dielectric DO-branes expanding into spherical D2-brane under the 
RR field 

^0123 7^ 0- 11-dimensional momentum P^ along <fi changes into DO-branes by the 
relation P^ = No/gl s . Similarly, 10-dimensional counterpart of giant graviton expanding 
into S 2 (c S 4 ) in AdSj x S A is N Q DO-branes expanding into spherical D2-brane by the 
background NS-NS field strength H 789 . This relation is obtained when we presumably set 
that the 11-dimensional direction is along 0. We can relate this giant graviton system to 
that of DO-branes expanding via magnetic moment effect under F^lg ^ 0. To see this, we 
first transform coordinates of AdS 7 by using a particular isometry of the Anti de Sitter 
space. With the transformation of time coordinate t — > t', angular momentum changes 
as P^ — > P'i + PL for some of the new coordinates if)' G AdSj. Compactification of the 
system along tp' indicates the configuration of DO-branes expanding via magnetic moment 
effect since P^ remains to be angular momentum and P^> changes to DO-brane charges. 

Next, consider (dual) giant gravitons expanding into spherical M5-branes. We expect 
that there is a similar relation between these configurations and expanding DO-brane con- 
figurations in 10-dimensions. If there exist corresponding configurations in 10-dmensions, 

i) arir \ p( 6 ) 

fiijklmn aiiu r i - klmn 



coincident DO-branes must couple to *H <y? '\ i j k i rnn and F^h by 



Tr(*H% jklmn X»X i X : >X k X l X m X n ) (58) 

and 

^% mn X*XiX k X l X m X n ) (59) 

respectively. We see that the action eqs.(0) and (HD does not have corresponding terms. 
They may appear in the non-perturbative action of DO-branes. In practice, it was dis- 
cussed in ref. p5| that similar terms can be considered at strong coupling. Note that 



DO-branes would expand into spherical NS5-branes and not into D4-branes by these cou- 
plings. 
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